Other viruses have not caused p reduced PHA response in lymphocytes. It has been suggested that the inhibition of PHA responsiveness is restricted to those viruses capable of replicating in the cytoplasm of the cell (18) .
This study was undertaken to determine the effect that various types of ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) viruses have UpO11 the responsiveness of mouse lymphocytes to PHA stimulation when tested un1der idenltical conditions. In addition, the studies are to ascertain if viruses which conlsistently cause unresponsiveness produce similar alterations in DNA synthesis as a function of time following virus treatment.
MATERIALS AND METHODS

Viruses. Seed cultures of Newcastle disease virus (NDV), influenza virus type A (PR8), and
Sendai virus were obtained from the Research Rteference Reagents Program. Stock virus was prepared in 9-day-old embryonated eggs by the method of Henle and Hilleman (8) and purified by the method of Wheelock and Tamm (17) . Purified virus was suspended in Dulbecco beef blood serum plus 3% fetal calf serum, portioned, and stored at -70 C. Virus was assayed by hemagglutination procedures and by 50% egg infective dose (EID50) titrations in embryonated eggs (9) . Appropriate cell cultures were infected with 0.1 ml of virus suspension containing 1 X 105 EID5o for Sendai, 1 X 10i EID5e for NDV, and 1 X 10i EID1o for PR8.
Gross, Schwartz, and Friend viruses in 20% spleen cell suspension were obtained from Gert Schloss. Infectivity of the virus preparations was ascertained by producing splenomegaly in 1-month-old BALB/c mice and by examining the virus-infected lymphocytes by electron microscopy. Appropriate cell cultures were infected with 0.1 ml of a 10% virus-spleen cell suspension.
Mouse adenovirus, polyoma virus, herpes simplex virus, and vaccinia virus were obtained from Morris Pollard. Virus was assayed by its ability to produce cytopathic effects in cell cultures of L cells. Appropriate cell cultures were infected with 0.1 ml of the virus suspension. (10) . Appropriate cultures were infected with 0.1 ml of virus suspension containing 1 X 108 mean infective dose.
Human serum used in the cell culture medium and serum from Swiss-Webster mice were assayed for antibody against the myxovirus and paramyxoviruses by the hemagglutination test (9) , for neutralizing antibody against Mengo virus by the plaque assay test (9) , and for neutralizing antibody against herpes simplex by the cytopathic effects test (9) .
Culture of splenic lymphocytes. Spleens were removed from 8-week-old Swiss-Webster male mice and teased to single-cell suspensions. Cells were washed twice in saline and suspended to 5 X 106 viable mononuclear cells per ml in RPMI-1630 medium containing 5% heat-inactivated human serum, 100 units of penicillin per ml, 100 ug of streptomycin per ml and 0.01 M N-2-hydroxyethylperazine-N'-2'-ethansulfuric acid (HEPES) (15) . Cell cultures containing 2 ml of the cell suspensions were incubated for various times at 37 C in a humid-air atmosphere. Cell cultures were set up in quadruplicate for each treatment. A 0.1-ml amount of phytohemagglutinin-M (PHA, Difco Laboratories, lot 546514), reconstituted to 50 ml with saline or 0.1 ml of virus suspension (or both), was added to each appropriate culture. At the appropriate time prior to termination of cultures, three cultures of each set received 1 pCi of tritiated thymidine (3H-TdR, specific activity, 5 Ci/mmol; Amersham-Searle Corp.).
At appropriate times, cell cultures containing 'H-TdR-labeled DNA were prepared for analysis by liquid scintillation counting by using a procedure described earlier (12 The fourth culture of each set was assayed for cell viability by using the dye exclusion method (12) and for presence of virus. Lymphocytes were washed three times with Dulbecco balanced salt solution plus 3% fetal calf serum, disrupted by five alternating cycles of freezing and thawing. The supernatant fluid was checked for virus.
Lymphocytes in experiments designed to determine the effect of viruses on PHA-induced DNA synthesis were treated with PHA and virus at the beginning of the 72-h period and were pulsed with 1 ,uCi of 3H-TdR 24 h before termination of the cultures. Lymphocytes in experiments designed to determine the effect of virus on DNA synthesis, when virus and PHA were added at different times, were treated with either PHA or virus at 0, 12, or 24 h of the culture period. The 3H-TdR was added 24 h before termination of cultures. Cells in experiments designed to show alteration of DNA synthesis as a function of time after virus infection received PHA and virus at 0 h. At 12 h before each termination period, the cultures were pulsed with 1 pCi of isotope.
RESULTS
HEPES buffer system is a conveilient system which does not require 5% C02-95% 02 atmosphere and has proved to be useful in the culturing of established cell cultures. Preliminary work done for this study showed it was also applicable for the culturing of lymphocytes, as cells suspended in HEPES buffer showed 98% viability and a 7.38-fold increase of 3H-TdR incorporation into DNA or PHA-stimulated cells as compared to 97% viability and 7.5 ratio of PHA stimulation for cells cultured in a bicarbonate-CO2 environment. Consequently, all work was done using the more convenient HEPES buffer. polyoma virus in the cell culture was not determined; however, the presence of virus in the three other DNA virus-treated cultures was confirmed.
Each virus was cultured in non-PHA-stimulated cells, and in most cases the degree of 8H-TdR incorporated into the DNA was not significantly different from the 15,667 counts/min observed in the non-virus-treated cultures.
Data displayed in Table 1 were obtained the second time the experiment was done. The experiment was performed a total of three times. In each case, the results followed the same trend, although the total amount of isotope incorporated into DNA varied from one experiment to another, and the interaction between cells and viruses such as LDV and PRS in at least one experiment the log of the number CLg,% = produced results which were significantly different from the data depicted in Table 1 .
It is apparent from the data in Table 1 Results depicted in Table 2 indicate that all three viruses were effective when the virus was added at the beginning of the culture period, and the amount of inhibition was related directly to the time the virus was added to the cultures. Inhibition was reduced greatly if Mengo vitus and Schwartz virus were added 12 (3, 11) . Such effects do not appear to be transient. At least in antibody production, the viral-induced suppression appears to be due to an antibody precursor cell being converted from immunocompetent activity to tumorogenesis (3). In contrast, the effect of nonleukemia viruses on competency of lymphocytes does not show a uniform pattern. Viruses such as measles, influenza, chicken pox, and poliovirus have been indicated as the cause of in vivoinduced anergy to tuberculin sensitivity (11) . NDV and cytomegalovirus have caused reduced antibody production, but LDV and Venezuelan equine encephalitis virus have produced enhanced antibody formation (10, 11) . In vitro studies have shown rubella, measles, and NDV as causing depressed lymphocyte transformation and decreased m.acromolecular synthesis (1, 12) . Still other viruses show no apparent effect (2, 18) .
The cause of the effect is not known and, in many cases, does not appear to be long lasting.
Comparisons made in this study of viruses from various groups determined their effect on DNA synthesis of lymphoid cells under identical experimental conditions. Alteration of PHAinduced DNA synthesis was noted in cells treated with RNA and DNA viruses; however, the alteration could not be correlated with cytotoxicity of the lymphoid cells. This is exemplified by the influenza-, Sendai-, and LDV-treated cells in which Sendai virus caused a decrease in isotope labeling and cell viability. Influenza treatment did not affect cell viability but did cause a 50% decrease in isotope incorporation. LDV suppressed cell viability to 73%, but these cells demonstrated a 25% increase in 3H-TdR incorporation. Consequently, the changes observed must not be related to cytotoxic action on the cells but must reflect a virus-produced change in the metabolic activity of the lymphoid cells.
Most cytoplasmic replicating RNA viruses caused a consistent decrease in PHA-induced DNA synthesis. The effect of LDV was not predictable and, in most cases, an increase in DNA synthesis was noted. This may reflect the fact that LDV replicates in macrophages but not in lymphocytes (10) . Considerable work with vaccinia, adenovirus, and polyoma virus in cell culture has shown that these viruses produce an early-late-stimulatory effect on host cell DNA synthesis (6) . This work shows that the same trend is evident in DNA synthesis of PHA-stimulated lymphocytes where -17, +12, and +24% alteration of DNA synthesis was noted after treatment with vaccinia, adenovirus, and polyoma virus, respectively.
Other studies have reported differences in the ability of lymphocytes to function in antibody formation, delayed hypersensitivity, and blast transformation after treatment with leukemia and nonleukemia viruses (3, 7, 11) . Therefore, it is interesting to note that cells treated with Schwartz virus showed the same response as lymphocytes treated with NDV and Mengo virus. In both cases, after 36 h of culture, the cells made an initial response to PHA stimulation, after which time further PHA-induced DNA synthesis ceased. (4, 12) These varied responses must represent changes in the metabolic responsiveness of the cells to PHA stimulation from one day to the other.
Response of lymphoid cells to virus treatment also showed variation from one experiment to another. Again, the only difference was the cell population. This was especially noticeable with cells treated with PR8 and LDV in which suppression could be obtained one time and perhaps less, or no, suppression obtained the next time. Such fluctuation must represent a change in responsiveness due to metabolic activity or change in selective responsiveness to the viruses within the sample cell population. It is encouraging, however, that even with these two variations, which are seemingly present in all lymphocyte studies, the mouse splenocyte system can with appropriate viruses be used as an in vitro system to determine the effect of viruses on the responsiveness of lymphocytes.
